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(57) The continuously variable belt transmission is 
provided with a fixed sheave (3 1 ) and a movable sheave 
(42) provided on a secondary shaft (31 ), a first hydraulic 
chamber (95) that presses the movable sheave (42) in 
an axial direction, a second hydraulic chamber (105) 
that gives the movable sheave (43) a pressing force act- 
ing in a direction opposite the pressing force given by 
the first hydraulic chamber (95), an oil passage connect- 



ed to the second hydraulic chamber, and an oil receiver 
(99) disposed along a path from the oil passage to the 
second hydraulic chamber (105). The oil receiver (99) 
is attached to the secondary shaft (31), a bearing (34) 
and a bulkhead (89) are disposed on both sides of the 
oil receiver (99), an oil passage (79, 81) is provided in 
the secondary shaft (31), and a grooved portion (103) 
provided in the oil receiver (99) connects the second hy- 
draulic chamber (105) and the oil passage (79, 81). 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] This invention relates to a continuously varia- 
ble belt transmission that uses a belt to transmit motive 
force between two rotary members and, at the same 
time, controls their gear ratio by changing a winding ra- 
dius of the belt. 

DISCUSSION OF THE RELATED ART 

[0002] Generally speaking, a transmission is provided 
on the output side of an engine with the aim of running 
the engine in an optimum condition according to vehicle 
operating conditions. There are two types of such a 
transmission: a continuously variable transmission that 
is capable of controlling the gear ratio in a stepless fash- 
ion (infinitely variable), and a step variable transmission 
that can control the gear ratio in several steps (non-con- 
tinuously). A continuously variable belt transmission is 
one example of a continuously variable transmission. 
The continuously variable belt transmission comprises 
two rotary members disposed in parallel with each other, 
and a primary pulley and a secondary pulley attached 
to each of these two rotary members. Each of the pri- 
mary pulley and the secondary pulley is made up of a 
combination of a fixed sheave and a movable sheave, 
and a V-shaped groove is formed between the fixed 
sheave and the movable sheave. 
[0003] A belt is wound around the groove in the pri- 
mary pulley and the groove in the secondary pulley. Hy- 
draulic chambers are provided, each independently 
generating a pressing force acting in an axial direction 
on a belt supporting member of the primary pulley and 
a belt supporting member of the secondary pulley. When 
the hydraulic pressure of each hydraulic chamber is in- 
dependently controlled, the width of the groove in the 
primary pulley is controlled to vary the winding radius of 
the belt, thus changing its gear ratio. Meanwhile, the 
width of the groove in the secondary pulley is changed 
such that the tension in the belt is controlled. 
[0004] In a continuously variable belt transmission 
such as that described above, the hydraulic chambers 
are provided on an outer peripheral side of the rotary 
members. This could cause an oil pressure generated 
from a centrifugal force, or what is called the centrifugal 
hydraulic pressure, to act on the hydraulic chambers, 
making the hydraulic pressures in the hydraulic cham- 
bers higher than the controlled target levels. This results 
in control accuracy of the groove width supporting the 
belt being degraded. Japanese Utility Model Publication 
HEI 02-38555 describes related art pertinent to a con- 
tinuously variable belt transmission that can solve such 
a problem. 

[0005] In the continuously variable belt transmission 



disclosed in this publication, a secondary pulley (power 
transmitting member) provided on a secondary shaft 
(rotary member) is provided with a fixed sheave formed 
integrally on the secondary shaft and a movable sheave 

5 attached movably in the axial direction to the secondary 
shaft. A cylindrical member that extends in an axial di- 
rection toward a side opposite the fixed sheave is 
formed on the movable sheave. An annular cylinder 
plate is fixed in position so as not to be movable in the 

10 axial direction on an outer periphery of the secondary 
shaft. An inner peripheral surface of the cylindrical mem- 
ber and an outer peripheral surface of the cylinder plate 
are in siidable contact with each other, and a first hy- 
draulic chamber is formed between the cylinder plate 

15 and the movable sheave. An annular wall is provided on 
the inner periphery of the cylindrical member and a sec- 
ond hydraulic chamber is formed between the cylinder 
plate and the annular wail. 

[0006] In addition, a receiver (oil passage forming 

20 member) of cylindrical shape extending in the axial di- 
rection toward the cylinder plate side is formed in a rear 
case that retains the secondary shaft through a bearing. 
A connecting oil passage is formed between the receiv- 
er and a face in the cylinder plate on a side opposite the 

25 side of the first hydraulic chamber. The connecting oil 
passage connects an oil passage provided in the rear 
case and the second hydraulic chamber. 
[0007] In a continuously variable belt transmission 
constructed as described above, a centrifugal hydraulic 

30 pressure acts on the first hydraulic chamber while the 
hydraulic pressure in the first hydraulic chamber is being 
controlled and, even if the hydraulic pressure in the first 
hydraulic chamber becomes higher than a target pres- 
sure level, a centrifugal hydraulic pressure correspond- 

35 ing to that centrifugal hydraulic pressure acts on the sec- 
ond hydraulic chamber. As a result, the centrifugal hy- 
draulic pressure acting on the first hydraulic chamber 
and the hydraulic pressure acting on the second hydrau- 
lic chamber cancel each other out, which enhances the 

40 control accuracy of the groove width of the secondary 
pulley. 

[0008] In the continuously variable belt transmission 
described in above-mentioned publication, the oil pas- 
sage formed in the rear case and the receiver, which 

45 forms a connecting oil passage, is formed on the side 
of the rear case. For reasons of design and positional 
relationship, however, it is possible for the oil passage 
to be formed on the secondary shaft side, the oil pas- 
sage forming member to be installed on the secondary 

so shaft side, and parts to be installed on both sides of the 
oil passage forming member in the axial direction. If 
such a configuration or layout is adopted, the parts dis- 
posed on both sides of the oil passage forming member 
would interfere in the forming of a connecting oil pas- 

55 sage for connecting the oil passage of the secondary 
shaft and the second hydraulic chamber, making the 
forming thereof difficult. If a new oil passage is disposed 
so as to bypass the parts on both sides of the oil passage 
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forming member, a new part for bypassing must be pro- 
vided, thus increasing the number of parts used and re- 
quiring more space for mounting parts on the secondary 
shaft in an axial direction, which may result in vehicle 
mountability being degraded. 5 

SUMMARY OF THE INVENTION 

[0009] In view of the foregoing problems, it is an object 
of this invention to provide a continuously variable belt 10 
transmission that can supply oil from the side of a rotary 
member by using an oil passage forming member, with- 
out newly installing parts other than oil passage forming 
parts. 

[001 0] To achieve the foregoing object, a continuously is 
variable belt transmission according to a first embodi- 
ment of the invention is provided with a power transmit- 
ting member provided on a rotary member, a belt wound 
around the power transmitting member, a first hydraulic 
chamber that gives the power transmitting member a 20 
holding force to hold the belt in an axial direction of the 
power transmitting member, a second hydraulic cham- 
ber that gives the power transmitting member a force in 
a direction so as to weaken the holding force, an oil pas- 
sage through which hydraulic pressure is supplied to the 25 
second hydraulic chamber, and an oil passage forming 
member that is disposed along a path from this oil pas- 
sage to the second hydraulic chamber. The oil passage 
forming member is attached to the rotary member, parts 
disposed on both sides of the oil passage forming mem- 30 
ber in the axial direction are installed on the rotary mem- 
ber, and the oil passage is provided on the rotary mem- 
ber. In addition, the second hydraulic chamber is con- 
nected to the oil passage through a grooved portion pro- 
vided in the oil passage forming member. 35 
[001 1] According to a first embodiment, the grooved 
portion provided in the oil passage forming member it- 
self connects the oil passage and the second hydraulic 
chamber. This obviates the need for providing a part for 
exclusive use in connecting the oil passage and the sec- 40 
ond hydraulic chamber. It further makes it possible to 
form the grooved portion so as to bypass the parts pro- 
vided on both sides in the axial direction of the oil pas- 
sage forming member. The grooved portion in this em- 
bodiment may include a cutout portion and a recessed 45 
portion. 

[0012] A continuously variable belt transmission ac- 
cording to a second embodiment of the invention is pro- 
vided with a belt wound around a rotary member, an oil 
chamber provided in an area surrounding the rotary so 
member, a bulkhead attached to the rotary member and 
disposed so as to face the oil chamber, and an oil pas- 
sage connected to the oil chamber. An oil passage form- 
ing member is installed in a space between bearings re- 
taining this rotary member and the bulkhead on an outer 55 
periphery of the rotary member. A grooved portion pro- 
vided in the oil passage forming member constitutes the 
oil passage. 



[0013] According to the second embodiment, the oil 
passage connected to the oil chamber is formed by the 
grooved portion provided in the oil passage forming 
member itself. This obviates the need for providing a 
new part for exclusive use in forming the oil passage. It 
is also possible to form the oil passage bypassing the 
bulkhead and bearing. The grooved portion in this em- 
bodiment may include a cutout portion and a recessed 
portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

Fig. 1 is a front sectional view showing the construc- 
tion of the area near the secondary pulley of the 
continuously variable belt transmission according 
to this invention. 

Fig. 2 is a skeleton diagram showing a power trans- 
mission path in a front-engine, front-drive vehicle to 
which this invention is applied. 
Fig. 3 is a block diagram showing a control system 
of the vehicle shown in Fig. 2. 
Fig. 4 is a front sectional view showing a bulkhead 
that forms part of the hydraulic actuator on the side 
of the secondary pulley shown in Fig. 1 . 
Fig. 5 is a side view showing the bulkhead shown- 
in Fig. 4. 

Fig. 6 is a front sectional view showing an oil receiv- 
er that forms part of the hydraulic actuator on the 
side of the secondary pulley shown in Fig. 1 . 
Fig. 7 is a side view showing the oil receiver shown 
in Fig. 6. 

Fig. 8 is a front sectional view showing the construc- 
tion of the area near the primary pulley shown in 
Fig. 2. 

Fig. 9 is a side view showing a cylinder that forms 
part of the hydraulic actuator on the side of the pri- 
mary pulley shown in Fig. 8. 
Fig. 1 0 is a side view showing a cylinder that forms 
part of the fixed sheave on the side of the primary 
pulley shown in Fig. 8. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] The preferred embodiments of the invention 
will hereinafter be described in detail with reference to 
the attached drawings. Fig. 2 is a skeleton diagram 
showing a front-engine, front-drive vehicle to which this 
invention is applied. Referring to Fig. 2, an engine 1 is 
installed as a power source for a vehicle. An internal 
combustion engine, more particularly a gasoline engine, 
diesel engine, or an LPG engine, may be used as the 
engine 1. A crankshaft 2 of the engine 1 is disposed in 
the width direction of the vehicle. For the sake of con- 
venience, the following description assumes that a 
gasoline engine is used as the engine 1 . 
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extends radially from the outer peripheral surface of the 
secondary shaft 31 and which is connected to the oil 
passage 79. A stepped portion 31 B is formed between 
an opening in the oil passage 80 and an opening of the 
oil passage 81 on the outer periphery of the secondary 5 
shaft 31. The stepped portion 31 B is constructed so as 
to face the bearing 34. 

[0035] The movable sheave 43 of the secondary pul- 
ley 37 is provided with an inner cylindrical portion 82, a 
radial portion 83 that is continued to an end portion on 
the side of the fixed sheave 42 on an outer periphery of 
the inner cylindrical portion 82, and an outer cylindrical 
portion 84 which is continued to the side of an outer pe- 
riphery of the radial portion 83 and which is extended in 
an axial direction toward the side of the bearing 35. A 
groove 86 is formed in an inner peripheral surface of the 
inner cylindrical portion 82 in an axial direction and a 
groove 85 is formed in an outer peripheral surface of the 
secondary shaft 31 in an axial direction. A plurality of 
these grooves 85 and 86 are formed at predetermined 
intervals along a circumferential direction. The second- 
ary shaft 31 and the movable sheave 43 are positioned 
so that each of the grooves 85 and each of the grooves 
86 are respectively in phase with each other along the 
circumferential direction. A plurality of balls 87 are 
placed to run through both of the grooves 85 and 86. 
The grooves 85 and 86, and the balls 87, allow the sec- 
ondary shaft 31 and the movable sheave 43 relatively 
move in an axial direction, while preventing the second- 
ary shaft 31 and the movable sheave 43 from relatively 
moving in a circumferential direction. 
[0036] An annular balance plate 88 is secured to an 
end on the side of the bearing 34 on an inner periphery 
of the outer cylindrical portion 84. The balance plate 88 
is provided with a first section that extends inwardly from 
the inner peripheral side of the outer cylindrical portion 
84, a second section that is curved from the first section 
toward the side of the bearing 34, and a third section 
that extends in an axial direction from the second sec- 
tion toward the side of the bearing 34. An annular bulk- 
head 89 is provided in an annular space enclosed by 
the movable sheave 43 and the balance plate 88. 
[0037] Fig. 4 is a sectional view of the bulkhead 89 
and Fig. 5 is a side view of the bulkhead 89. The bulk- 
head 89 is provided with a radial portion 90, a cylindrical 
portion 91 that extends from an outer peripheral end of 
the radial portion 90 toward the side of the radial portion 
83, a radial portion 92 that extends outwardly from an 
end portion of the cylindrical portion 91 on the side of 
the radial portion 83, and a curved portion 93 which is 
continued to an outer peripheral side of the radial portion 
92 and which is curved in a direction protruding toward 
the radial portion 83. The radial portion 90 that forms an 
inner peripheral end of the bulkhead 89 is disposed be- 
tween the stepped portion 31 B and the bearing 34. More 
specifically, it is disposed between the stepped portion 
31 B and the opening in the oil passage 81 . A plastic seal 
ring 94 is fitted to the outer peripheral end of the bulk- 



head 89. The seal ring 94 makes contact with an inner 
peripheral surface of the outer cylindrical portion 84 of 
the movable sheave 43 in a state in which relative move- 
ment is possible in an axial direction and a sealing sur- 
face is formed at the portion of contact. 
[0038] The first hydraulic chamber 95 is formed in this 
manner in a space enclosed by the movable sheave 43 
and the bulkhead 89. The first hydraulic chamber 95 and 
the oil passage 80 are connected to each other. A com- 
pression coil spring 96 is disposed inside the first hy- 
draulic chamber 95. One end of the compression coil 
spring 96 makes contact with the radial portion 92 of the 
bulkhead 89, while the other end of the compression coil 
spring 96 makes contact with the stepped portion 97 of 
the movable sheave 83. A plurality of grooves 98 are 
formed at predetermined intervals along a circumferen- 
tial direction in a side face of the radial portion 90 of the 
bulkhead 89 on the side of the bearing 34 as shown in 
Fig. 5. 

[0039] An annular oil receiver 99 made of a metallic 
material is provided on the outer peripheral side of the 
secondary shaft 31. Fig. 6 is a sectional view of the oil 
receiver 99 and Fig. 7 is a side view of the oil receiver 

99. The oil receiver 99 is provided with a radial portion 

100, a curved portion 101 which is continued to an outer 
peripheral end of the radial portion 100 and which is 
curved toward the side of the bulkhead 89, and a cylin- 
drical portion 102 which is continued to the curved por- 
tion 101 and which is extended toward the side of the 
bulkhead 89. The outer diameter of this cylindrical por- 
tion 1 02 is set so as to be smaller than the inner diameter 
of the balance plate 88. A plurality of cutouts 103 are 
formed in the radial portion 100 on the inner peripheral 
end thereof at predetermined intervals in a circumferen- 
tial direction. The diameter of a circumscribed circle (not 
shown) of each of the cutouts 103 is set so as to be 
greater than the diameter of an inscribed circle (not 
shown) of each of the grooves 98 in the bulkhead 89. 
The radial portion 100 of the oil receiver 99 is disposed 
between the bearing 34 and the radial portion 90 of the 
bulkhead 89. 

[0040] A nut 1 04 is tightened and secured on the outer 
periphery of the secondary shaft 31. With this nut 104 
and the stepped portion 31 B, the bearing 34, the oil re- 
ceiver 99, and the bulkhead 89 are held in an axial di- 
rection of the secondary shaft 31, and the bearing 34, 
the oil receiver 99 and the bulkhead 89 are secured in 
position in the axial direction of the secondary shaft 31. 
The oil receiver 99, which is positioned and secured in 
this manner, is disposed at almost the same position in 
the axial direction as the oil passage 81 of the secondary 
shaft 31. That is, the opening in the oil passage 81 is 
disposed so as to face the cutouts 103. Assuming that 
at least one of the cutouts 103 is projected in the axial 
direction, at least one of the grooves 98 in the bulkhead 
89 is located within the projected zone. Furthermore, 
when the bulkhead 89 is positioned and secured in the 
axial direction, an elastic force of the compression coil 
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spring 96 acts on the movable sheave 43 in the axial 
direction, pressing the movable sheave 43 toward the 
side of the fixed sheave 42. 

[0041] A second hydraulic chamber 1 05 is formed in 
an annular space enclosed by the bulkhead 89, the out- 
er cylindrical portion 84 of the movable sheave 43, and 
the balance plate 88. The oil passage 81 is connected 
to the cutouts 103 in the oil receiver 99, and the cutouts 
103 are connected the grooves 98 in the bulkhead 89. 
Furthermore, the grooves 98 are connected to the sec- 
ond hydraulic chamber 105 by way of an oil passage 
1 06 between the cylindrical portion 91 and the oil receiv- 
er 99. The first hydraulic chamber 95, the second hy- 
draulic chamber 105, compression coil spring 96, bulk- 
head 89, balance plate 88, oil receiver 99 and so forth 
make up the hydraulic actuator 45. 
[0042] The secondary shaft 31 corresponds to the ro- 
tary member of the invention; the secondary pulley 37 
having the fixed sheave 42 and the movable sheave 43 
corresponds to the power transmitting member of the 
invention; the oil receiver 99 corresponds to the oil pas- 
sage forming member of the invention; the bulkhead 89 
and the bearing 34 correspond to the parts of the inven- 
tion; the cutouts 103 correspond to the grooved portion 
of the invention; and the second hydraulic chamber 105 
corresponds to the oil chamber of the invention. 
[0043] An example of control content of a vehicle of 
this configuration will hereinafter be described. The for- 
ward-reverse selection mechanism 8 is controlled 
based on operation of the shift position selection unit 
69A. When a forward position is selected, the forward 
clutch CR is engaged and the reverse brake BR is re- 
leased, which results in the input shaft 11 being directly 
connected to the primary shaft 30. When the torque (or 
power) of the engine 1 is transmitted via the torque con- 
verter 7 to the input shaft 11 in this state, the input shaft 
11, carrier 29 and the primary shaft 30 turn integrally. 
The torque of the primary shaft 30 is transmitted via the 
primary pulley 36, the belt 46 and the secondary pulley 
37 to the secondary shaft 31 . 
[0044] The torque transmitted to the secondary shaft 
31 is transmitted to the intermediate shaft 50 by way of 
the counter drive gear 47 and the counter driven gear 
53. The torque transmitted to the intermediate shaft 50 
is transmitted to the differential case 55 by way of the 
final drive gear 54 and the ring gear 58. When the dif- 
ferential case 55 turns, its torque is transmitted to the 
drive shaft 62 by way of the pinion gear 60 and the side 
gear 61, and then transmitted to the wheel 63. 
[0045] When the reverse position is selected, on the 
other hand, the forward clutch CR is disengaged and 
the reverse brake BR is engaged, thus locking the ring 
gear 26. Then, as the input shaft 11 turns, the pinion 
gears 27 and 28 revolve while they rotate on their own 
axes. The carrier then rotates in a direction opposite the 
direction of rotation of the input shaft 1 1 . As a result, the 
primary shaft 30, secondary shaft 31, intermediate shaft 
50, and so forth rotate in a direction opposite that of 



when a forward position is selected, allowing the vehicle 
to move in reverse. 

[0046] The gear ratio of the continuously variable belt 
transmission 9 is controlled so that the operating condi- 

5 tions of the engine 1 may be optimized based on vehicle 
acceleration requirements evaluated with the vehicle 
speed, accelerator opening, and other conditions 
(namely, drive power requirements), data stored in the 
electronic control unit 64 (for example, an optimum fuel 

10 consumption curve having the engine speed and throttle 
opening as parameters), and other factors. To be more 
specific, the width of the groove 40 in the primary pulley 
36 is varied by controlling the hydraulic pressure of the 
hydraulic chamber of the hydraulic actuator 41 . As a re- 
ts suit, the winding radius of the belt 4 of the primary pulley 
36 is changed, which means that the ratio of the input 
speed to the output speed of the continuously variable 
belt transmission 9, namely the gear ratio, is controlled 
steplessly (continuously). 

20 [0047] The width of the groove 44 in the secondary 
pulley 37 is varied by controlling the hydraulic pressure 
of the first hydraulic chamber 95 of the hydraulic actua- 
tor 45. That is, a pinching pressure (or a holding force) 
on the belt 31 in an axial direction of the secondary pul- 

25 ley 37 is controlled. This pinching pressure controls a 
tension in the belt 31 and a contact surface pressure 
between the primary pulley 36 and the belt 31, as well 
as between the secondary pulley 37 and the belt 31 . The 
hydraulic pressure of the first hydraulic chamber 95 is 

30 controlled based on the torque input to the continuously 
variable belt transmission 9, the gear ratio of the contin- 
uously variable belt transmission 9, and the like. The 
torque applied to the continuously variable belt trans- 
mission 9 is evaluated based on the engine speed, throt- 

35 tie opening, and torque ratio of the torque converter 7, 
and the like. Furthermore, since the movable sheave 43 
is pressed toward the side of the fixed sheave 42 by a 
pressing force of the compression coil spring 96, the tar- 
get hydraulic pressure of the first hydraulic chamber 95 

40 is set in consideration of the pressing force of the com- 
pression coil spring 96. 

[0048] When a centrifugal force is produced from the 
rotation of the secondary shaft 31 , a centrifugal hydrau- 
lic pressure acts on the first hydraulic chamber 95 and 

45 consequently the hydraulic pressure of the first hydrau- 
lic chamber 95 increases to a level higher than the hy- 
draulic pressure as controlled by the hydraulic pressure 
control unit 77. As a result, the pressing force with which 
the movable sheave 43 is pressed toward the side of 

so the fixed sheave 42 might become higher than a target 
value corresponding to the torque to be transmitted. The 
first hydraulic chamber 95 and the second hydraulic 
chamber 105, however, are formed by the bulkhead 89, 
and so the centrifugal hydraulic pressure also acts on 

55 the second hydraulic chamber 1 05. When this happens, 
the hydraulic pressure in the second hydraulic chamber 
105 acts on the balance plate 88, generating a pressing 
force that presses the movable sheave 43 axially in a 
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direction away from the fixed sheave 42. As a result, the 
centrifugal hydraulic pressure acting on the first hydrau- 
lic chamber 95 and the centrifugal hydraulic pressure 
acting on the second hydraulic chamber 105 cancel 
each other out. This results in a pressing force acting in 
the axial direction that corresponds to the hydraulic 
pressure as controlled by the hydraulic pressure control 
unit 77 acting on the movable sheave 43. Tension in the 
belt 46 can therefore be prevented from increasing to 
an unexpectedly high level. 

[0049] In this embodiment, part of a connecting oil 
passage that connects the oil passages 78 and 81 and 
the second hydraulic chamber 105 is formed by the cut- 
outs 103 in the oil receiver 99. This allows the connect- 
ing oil passage to be formed so as to bypass the bearing 
34 and the bulkhead 89 provided on both sides in the 
axial direction of the oil receiver 99 and, furthermore, 
obviates the need to provide parts for exclusive use in 
forming the connecting oil passage. This helps prevent 
the number of parts used in the hydraulic actuator 45, 
as well as the weight of the hydraulic actuator, from in- 
creasing. It further prevents an increase in space need- 
ed for mounting parts on the secondary shaft 31 in the 
axial direction. This makes it possible to build the con- 
tinuously variable belt transmission 9 more compact in 
the axial direction, thus contributing to a greater vehicle 
mountability of the continuously variable belt transmis- 
sion 9. 

[0050] It is also possible to form a through-hole (not 
shown) in the radial portion 100 of the oil receiver 99 
through the radial portion 100, in an axial direction (a 
depth direction) and, by this hole, to form a grooved por- 
tion connecting the oil passages 79 and 81 and the sec- 
ond hydraulic chamber 105. It is also possible to form a 
groove (not shown) or a recessed portion (not shown) 
in a side face of the oil receiver 99 on the side of the 
bulkhead 89 which may be used to form a grooved por- 
tion connecting the oil passages 79 and 81 and the sec- 
ond hydraulic chamber 105. 

[0051] Fig. 8 is an enlarged sectional view showing 
the area near the primary pulley 36. The primary pulley 
36 is mounted on the outer periphery of the primary shaft 
30, disposed between the bearing 33 installed in the 
transaxle rear cover 6 and the bearing 32 installed on 
the side of the transaxle case 5. The primary shaft 30 is 
rotatable about the axis B1, and two oil passages 107 
and 108 are formed inside the primary shaft 30 in the 
axial direction thereof. These two oil passages 107 and 
108 are connected to a hydraulic circuit of the hydraulic 
pressure control unit 77. Oil passages 109 and 110 are 
provided to extend radially from the outer peripheral sur- 
face of the primary shaft 30 and to connect to the oil 
passage 107. The oil passage 109 and the oil passage 
110 are provided at different locations along the axial 
direction. More precisely, the oil passage 109 is located 
closer to the bearing 33 than the oil passage 1 1 0. An oil 
passage 111 is also provided to extend radially from the 
outer peripheral surface of the primary shaft 30 and to 



connect to the oil passage 108. The oil passage 111 is 
open to an area between the movable sheave 39 and 
the fixed sheave 38. The oil passage 111 functions to 
supply oil to lubricate the belt 36. 
5 [0052] A stepped portion 112 is formed on the outer 
periphery of the primary shaft 30 between the opening 
in the oil passage 109 and the bearing 33. The stepped 
portion 112 faces the bearing 33. The movable sheave 
39 is provided with an inner cylindrical portion 1 1 3 which 
slides along the outer peripheral surface of the primary 
shaft 30, a radial portion 114 which is continued from 
the end of the inner cylindrical portion 113 on the side 
of the fixed sheave 38 toward the side of the outer pe- 
riphery, and an outer cylindrical portion 115 which is con- 
tinued to the outer peripheral end of the radial portion 
114 and which is extended in an axial direction toward 
the bearing 33. An oil passage 1 1 6 is formed in the inner 
cylindrical portion 113, passing through from the inner 
peripheral surface thereof to the outer peripheral sur- 
face. This oil passage 116 is connected to the oil pas- 
sage 110. 

[0053] A bulkhead 1 1 7 is disposed between the mov- 
able sheave 39 and the bearing 33. The bulkhead 117 
is provided with a radial portion 1 1 8 which forms an inner 
peripheral side of the bulkhead 11 7, a cylindrical portion 

1 1 9 which is continued to an outer peripheral end of the 
radial portion 118 and which is extended axially toward 
the side of the radial portion 114, and a radial portion 

120 which is continued to an end of the cylindrical por- 
tion 119 on the side of the radial portion 114 and which 
is extended outward. The radial portion 118 of the bulk- 
head 117 is disposed between the stepped portion 112 
and the bearing 33. A plastic seal ring 121 is attached 
on an outer peripheral end of the bulkhead 1 1 7. The seal 
ring 121 makes contact with an inner peripheral surface 
of the outer cylindrical portion 115 of the movable 
sheave 39 so as to permit relative movement in an axial 
direction, and a sealing surface is formed between the 
portions of contact. A third hydraulic chamber 122 is 
formed in this manner in a space enclosed by the mov- 
able sheave 39 and the bulkhead 117. The third hydrau- 
lic chamber 122 is connected to the oil passage 116. 
[0054] A groove 123 is formed in an inner peripheral 
surface of the inner cylindrical portion 113 in an axial 
direction, and a groove 1 24 is formed in an outer periph- 
eral surface of the primary shaft 30 in an axial direction. 
A plurality of the grooves 123 and 124 are formed at 
predetermined intervals along a circumferential direc- 
tion. The primary shaft 30 and the movable sheave 39 
are positioned so that each of the grooves 1 23 and each 
of the grooves 124 are in phase with each other along 
the circumferential direction. A plurality of balls 125 are 
placed to run through both of the grooves 123 and 124. 
The grooves 123 and 124 and balls 125 allow relative 
movement between the primary shaft 30 and the mov- 
able sheave 39 in an axial direction, while preventing 
relative movement between the primary shaft 30 and the 
movable sheave 39 in a circumferential direction. 
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[0055] An annular cylinder 1 26 is mounted on the out- 
er periphery of the primary shaft 30. The cylinder 1 26 is 
provided with a radial portion 127, and a cylindrical por- 
tion 128 which is continued to an outer peripheral end 
of the radial portion 127 and which is extended in an 
axial direction toward the side of the fixed sheave 38. 
The inside diameter of the cylindrical portion 128 is set 
so as to be greater than the outside diameter of the cy- 
lindrical portion 115 of the movable sheave 39. Fig. 9 is 
a side view of the annular cylinder 126. A plurality of 
reinforcement ribs 129 protruding in an axial direction 
are formed at predetermined intervals along a circum- 
ferential direction on a side face of the radial portion 1 27 
of the annular cylinder 126 on the side of the bearing 
33. The cylinder 126 is of a metallic material such as a 
machined and processed rolled steel sheet. Possible 
machining methods include stamping, forging and cut- 
ting. 

[0056] An inner peripheral portion of the radial portion 
1 27 of the cylinder 1 26 is disposed between the bearing 
33 and the radial portion 1 1 8 of the bulkhead 1 1 7. A nut 
130 is tightened and secured on the outer periphery of 
the primary shaft 30. With this nut 130 and the stepped 
portion 112, the bearing 33, the cylinder 126, and the 
bulkhead 11 7 are held in an axial direction of the primary 
shaft 30, and the bearing 33, the cylinder 126 and the 
bulkhead 117 are secured in position in the axial direc- 
tion of the primary shaft 30. 

[0057] A piston 131 is provided between the cylindri- 
cal portion 119 of the bulkhead 117 and the cylindrical 
portion 128 of the cylinder 126, and between the radial 
portion 127 of the cylinder 126 and the outer cylindrical 
portion 115 of the movable sheave 39. This piston 131 
is of a disk shape. An O-ring 1 32 of a rubber elastic ma- 
terial is attached to an inner periphery of the piston 131 
and a plastic seal ring 133 is fitted to an outer periphery 
of the piston 1 31 . The piston 1 31 , the bulkhead 1 1 7 and 
the cylinder 126 are movable in an axial direction. The 
O-ring 132 makes contact with an outer peripheral sur- 
face of the cylindrical portion 1 1 9 of the bulkhead 1 1 7 to 
form a sealing surface. In addition, a sleeve 131A of a 
cylindrical shape is formed on an inner peripheral end 
of the piston 131 in an axial direction, while extending 
toward the side of the bearing 33. 
[0058] A fourth hydraulic chamber 1 34 is in this man- 
ner formed in an annular space enclosed by the cylinder 
126, the bulkhead 117, and the piston 131. An oil pas- 
sage 135 passing through the bulkhead 117 in a depth 
direction is formed at a boundary portion between the 
radial portion 118 and the cylindrical portion 119 of the 
bulkhead 117. The third hydraulic chamber 122 and the 
fourth hydraulic chamber 134 are connected with the oil 
passage 135. An air chamber 136 is formed in a space 
enclosed by the bulkhead 117, piston 131 , and the outer 
cylindrical portion 115 of the movable sheave 39. An air 
passage 137 is provided communicating the air cham- 
ber 136 and the cylinder 126 to the outside. 
[0059] Fig. 10 is a side view showing the primary shaft 



30 from the end of the forward-reverse selection mech- 
anism 8. External teeth 1 38 that comprise recessed por- 
tions and protruding portions arranged alternately in a 
circumferential direction are provided on an outer pe- 
5 riphery of the fixed sheave 38. These external teeth 1 38 
are provided to allow the input speed sensor 70 to detect 
the speed of the primary shaft 30. The external teeth 
138 are of a metallic material cut with a cutter of a nob- 
bing machine (not shown). The hobbing machine may 
also be used to cut the counter drive gear 47. The output 
speed sensor 71 is constructed so as to output a detec- 
tion signal based on the rotational state of the counter 
drive gear 47. The hydraulic actuator 41 is made up of 
the third hydraulic chamber 122, fourth hydraulic cham- 
ber 134, cylinder 126, piston 131, bulkhead 117, oil pas- 
sages 1 1 6 and 1 35 and so forth as constructed in a man- 
ner described above. 

[0060] Control and operations of the primary pulley 36 
and the hydraulic actuator 41 of the continuously varia- 
ble belt transmission 9 will hereinafter be described in 
detail. When hydraulic pressure is discharged from the 
third hydraulic chamber 122 and the fourth hydraulic 
chamber 134 by way of the oil passages 116 and 110, 
the movable sheave 39 and the piston 131 are pressed 
toward the side of the bearing 33 by a tension applied 
to the belt 36. This state is depicted on the upper half 
side above axis B1 shown in Fig. 8. Since the movable 
sheave 39 is located at an outer peripheral side of the 
oil passage 109 in this state, the oil passage 109 is cut 
off from the fourth hydraulic chamber 134. 
[0061] From this state, when hydraulic pressure is 
supplied through the oil passage 1 1 0 to the third hydrau- 
lic chamber 122 and the fourth hydraulic chamber 134 
and builds up therein, the hydraulic pressure in the third 
hydraulic chamber 122 is directly transmitted to the 
movable sheave 39 and the hydraulic pressure in the 
fourth hydraulic chamber 134 is transmitted to the mov- 
able sheave 39 through the piston 131, thus pressing 
the movable sheave 39 in an axial direction toward the 
side of the fixed sheave 38. As the movable sheave 39 
moves to open the oil passage 109, hydraulic pressure 
is supplied to the third hydraulic chamber 122 and the 
fourth hydraulic chamber 134 through the oil passage 
109. The width of the groove 40 in the primary pulley 36 
is narrowed in this manner. 

[0062] The width of the groove 40 is controlled based 
on the tension applied to the belt 36 and the pressing 
force as determined through the hydraulic pressure in 
the third hydraulic chamber 1 22 and the fourth hydraulic 
chamber 134. The state depicted in the lower half below 
the axis B1 shown in Fig. 8 corresponds to a state in 
which the width of the groove 40 is at its narrowest. 
When the piston 1 31 moves toward the side of the fixed 
sheave 38, air in the air chamber 136 is discharged to 
the outside of the air chamber 136 through the air pas- 
sage 137. When the piston 131 moves toward the side 
of the bearing 33, air outside the air chamber 136 ad- 
vances into the air chamber 1 36 through the air passage 
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137. This ensures smooth movement of the piston 131 . 
[0063] The piston 131 is positioned in a radial direc- 
tion by the O-ring 132 contacting the cylindrical portion 
119 of the bulkhead 117, while the O-ring 133 contacts 
the cylindrical portion 1 28 of the cylinder 1 26. The length 
of contact in an axial direction between the cylindrical 
portion 1 1 9 of the bulkhead 1 1 7 and the inner peripheral 
surface of the piston 131 is designed to be as long as 
possible through the sleeve 131 A. Namely, it is possible 
to ensure the longest possible length in an axial direction 
of a surface of the piston 131 running parallel with the 
cylindrical portion 119 of the bulkhead 117. This, as a 
result, prevents the central axis (not shown) of the piston 
131 and the central axis (not shown) of the bulkhead 17 
from intersecting one another. 
[0064] Therefore, when the piston 131 moves in an 
axial direction, more particularly, when the piston 131 
moves in the axial direction as a result of a sudden 
change in the hydraulic pressure in the third hydraulic 
chamber 122 and the fourth hydraulic chamber 134, an 
increase in sliding resistance (friction resistance) be- 
tween the piston 131 and the outer cylindrical portion 
126 of the cylinder 136 and between the piston 131 and 
the cylindrical portion 119 of the bulkhead 117 is con- 
trolled such that good operating response of the piston 
131 is able to be maintained. 

[0065] In this embodiment, if a treatment to form a 
plastic coating layer or a heat treatment to harden sur- 
faces is performed on at least either an inner peripheral 
surface of the cylindrical portion 128 of the cylinder 126 
or an outer peripheral surface of the cylindrical portion 
119 of the bulkhead 117, an increase in sliding resist- 
ance between the piston 131 and the outer cylindrical 
portion 126 of the cylinder 136 and between the piston 
131 and the cylindrical portion 119 of the bulkhead 117 
is even further controlled. It is also possible to form con- 
tinuously on an inner peripheral end of the piston 131a 
sleeve (not shown) that is extended in an axial direction 
toward the side of the radial portion 120 of the bulkhead 
117. In such a configuration, an opposing length be- 
tween the cylindrical portion 119 of the bulkhead 117 
and the inner peripheral surface of the piston 131 is 
made even longer. It is further possible to form a sleeve 
(not shown) that is extended in an axial direction on an 
outer peripheral side of the piston 131. This configura- 
tion helps control sliding resistance (friction resistance) 
contact between the outer periphery of the piston 131 
and the cylindrical portion 128 of the cylinder 127. 
[0066] In this embodiment, reinforcement ribs 129 are 
used to enhance the strength of the radial portion 127 
of the cylinder 126. Even if the hydraulic pressure in the 
fourth hydraulic chamber 134 should build up to a high 
level, deformation of the radial portion 127 of the cylin- 
der 126 can be controlled, thus ensuring good operabil- 
ity of the piston 1 31 . To enhance strength of the cylinder 
1 27, part of the cylinder 1 31 is protruded locally to form 
reinforcement ribs 1 29 instead of adopting a thicker wall 
construction. This helps reduce the manufacturing cost, 



as well as the weight of the cylinder 126. 
[0067] Furthermore in this embodiment, the external 
teeth 138 of the fixed sheave 38 are machined using a 
hobbing machine. The bobbing machine is also used to 
s cut the counter drive gear 47. The input speed sensor 
70 is used to detect the rotational state of the external 
teeth 138, while the output speed sensor 71 is used to 
detect the rotational state of the counter drive gear 47. 
Namely, since the same metal-cutting machine is used 
and the same cutting method is employed to machine 
the external teeth 138 and the counter drive gear 47, 
machining accuracy of the external teeth 138 can be set 
to the almost same level as that of the counter drive gear 
47. Therefore, compared to the case in which the exter- 
nal teeth 138 and the counter drive gear 47 are ma- 
chined using different metal-cutting machines and by 
employing different machining methods (for example, 
manufacturing the external teeth 138 by hot forging, 
while cutting the counter drive gear 47 using a hobbing 
machine), the scale of the machining facility can be 
made smaller and manufacturing costs can be reduced. 
In addition, it is possible to provide the same detection 
sensitivity for the input speed sensor 70 and the output 
speed sensor 71 , offering enhanced detection accuracy. 
[0068] In the embodiment mentioned above, the oil 
chamber (not shown) provided around the secondary 
shaft may be one that does not function to cause an axial 
pressing force to act on the movable sheave; for exam- 
ple, it may be one to which lubricant is supplied. Fur- 
thermore, the embodiment may be applicable to a vehi- 
cle that uses a power source other than an engine, e.g., 
a motor. The embodiment may also be applicable to a 
vehicle that uses an engine and a motor for its power 
source. 

[0069] As described heretofore, according to the em- 
bodiment, a grooved portion provided in an oil passage 
forming member itself forms an oil passage that is con- 
nected to an oil chamber. As a result, the oil passage 
forming member can be used to form a grooved portion 
that bypasses parts, for example, a bearing and a bulk- 
head provided on both sides of the oil passage forming 
member in the axial direction thereof, and there is no 
need to provide a part for exclusive use in forming the 
grooved portion. This makes it possible to prevent the 
number of parts disposed around the rotary member, as 
well as the weight of the rotary member, from increasing. 
It is also possible to prevent an increase in the space 
required for mounting parts on the rotary member in the 
axial direction. Therefore, the continuously variable belt 
transmission can be built compact in the axial direction 
thus enhancing vehicle mountability of the continuously 
variable belt transmission. 



1 . A continuously variable belt transmission providing 
with a power transmitting member (37) provided on 
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a rotary member (31 ), a belt (46) wound around said 
power transmitting member (37), a first hydraulic 
chamber (95) positioned to apply a holding force to 
said power transmitting member (37) in an axial di- 
rection of said power transmitting member (37), a s 
second hydraulic chamber (105) positioned to apply 
a force to said power transmitting member (37) in a 
direction so as to weaken said holding force, an oil 
passage (81) positioned to supply a hydraulic pres- 
sure to said second hydraulic chamber (105), and w 
a forming member (99) disposed along a path from 
said first oil passage (95) to said second hydraulic 
chamber (1 05), the continuously variable belt trans- 
mission characterized in that: 

15 

the oil passage forming member (99) is provid- 
ed in said rotary member (31), 
parts (34, 89) attached to said rotary member 
(31) are disposed on both axial sides of said oil 
passage forming member (99), 20 
said oil passage (81) is provided in said rotary 
member (31), and 

said second hydraulic chamber (105) and said 
oil passage (81) are connected by a first 
grooved portion (1 03) provided with the oil pas- 25 
sage forming member (99). 

2. A continuously variable belt transmission according 
to claim 1, characterized in that 

30 

said first hydraulic chamber (95) and said sec- 
ond hydraulic chamber (105) are disposed in a 
space provided around said rotary member 
(31), 

said parts (34, 89) include a bulkhead (89) that 35 
separates said first hydraulic chamber (95) 
from said second hydraulic chamber (1 05) with- 
in said space and a bearing (34) that retains 
said rotary member (31), and 
said hydraulic pressure forming member (99) is 40 
held by said bulkhead (89) and said bearing 
(34) such that said first grooved portion (103) 
is disposed between said bulkhead (89) and 
said bearing (34). 

45 

3. A continuously variable belt transmission according 
to claim 2, characterized in that 

said bulkhead (89) is provided with a second 
grooved portion (98) in a side of said bulkhead so 
(89) facing said hydraulic pressure forming 
member (99), 

said first grooved portion (103) of said hydraulic 
pressure forming member (99) is communicat- 
ed with said second grooved portion (98) of said 55 
bulkhead (89), and 

a hydraulic pressure to said second hydraulic 
chamber (105) is supplied from said oil pas- 



sage (81) by way of said first grooved portion 
(103) and said second grooved portion (98). 

4. A continuously variable belt transmission providing 
a rotary member (31 ), a belt (46) wound around said 
rotary member (31), an oil chamber (95, 105) pro- 
vided around said rotary member (31), a bulkhead 
(89) attached to said rotary member (31) and dis- 
posed so as to face said oil chamber (95, 105), and 
a bearing (34) that supports said rotary member 
(31), the continuously variable belt transmission 
characterized by comprising ; 

an oil passage forming member (99) being lo- 
cated on an outer periphery of said rotary member 
(31) and installed between said bearing (34) and 
said bulkhead (89), a grooved portion (103) provid- 
ed with said oil passage forming member (99) com- 
prises said first oil passage connected to said oil 
chamber (95, 105). 

5. A continuously variable belt transmission according 
to claim 4, further comprising: 

a second oil passage (81) provided in said ro- 
tary member (31 ) and connected to said first oil 
passage (103), 

wherein said grooved portion (103) is formed in, 
said oil passage forming member (99) so as to 
face said second oil passage (81). 
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